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Abstract.In order to connect any power converters into the 
grid there are some grid requirements to insure the safe 
operation of the grid. So, the control of the converters 
especially during abnormal condition-e.g. during voltage sags- 
is a very important key to guarantee the good behavior of the 
distributed generation system. In this paper four control 
strategies,will be stated in the literature, are discussed in order 
to ensure their ability to match the grid requirements when 
unsymmetrical voltage sags are produced in the network. The 
Spanish grid code did not give any information about the 
negative sequence, and it only represents the positive 
sequence components. Therefore, the main contribution of this 
paper is to verify the grid code with not only the positive 
sequence but also with the negative sequence. Moreover, the 
system is tested by simulation to show that the results cope 
well with the analytical equations. 
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1. Introduction 
 
Distributed generation systems are becoming a very 
important part of any grid system. So, the control of the 
power converters became essential in order to support 
the grid even under severe transient conditions. 
Therefore, grid codes become more restrictive recently. 
Power converters are designed and controlled not only 
to inject power into the grid during normal conditions, 
but also to support the grid during transient operation 
like voltage sags. The converters must remain 
connected to the grid during the fault and also reduce 
the active power injection and increase the reactive 
power injection according to the grid codes.  
Most of faults in the grid are unbalanced faults. So, 
several research is done for controlling the reference 
current during unbalanced condition in order to inject 
reactive current to increase positive sequence and to 
decrease negative sequence voltage components. 
Different techniques [1-3] discuss the injection of 
positive and negative sequence currents. 
In this paper, four different current control 
strategies are analyzed in order to study their ability to 
match the grid code, not only during symmetrical 
voltage sags but also during unsymmetrical voltage 
sags.  
The organization of the paper is as follows. Section 
II gives an explanation about the grid code 
requirements; Section IIIdescribes the different 
strategies to calculate the reference current. Section IV 
explains the control techniques under grid code 
requirements. Finally, Section V shows the simulation 
results and a comparison between all the presented 
control techniques, just before the conclusions. 
 
2. Spanish Grid Code Requirements 
 
Spanish governments have promoted a sort of legal 
frameworks regarding grid connection and technical 
requirements. In 2004, the Spanish government 
published the RD 436/2004, which was mainly focused 
on renewable energy sources [4]. In 2006, The Spanish 
TSO (REE), had approved and issued the requirements 
for response to voltage dips of production facilities 
under the special regime (P.O.12.3) [5]. In 2010, the 
RD 1565/2010 was proposed and issued, [6], this issue 
was more toward not only wind farms, but also PV 
power plants. During the fault, renewable energy 
system must provide the required active and reactive 
current, in order to support the grid during the voltage 
sag.In a transient mode, the inverter must be controlled 
according to the injected active current (𝐼a) and reactive 
current (𝐼r) during the fault, according to the network 
code P.O. 12.2, as shown in Figure 1. 
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Fig. 1 Active currents (Ia) and reactive currents (Ir) to be 
injected / absorbed during faults, according to Spanish 
network code P.O. 12.2 
In order to describe the magnitude of voltage sag, 
there is no exact terminology used to describe this. The 
preferred terminology when describing rms variations is 
remaining voltage.If the instantaneous three phase rms 
measurements are used to calculate the grid 
voltage 𝑉1(𝑡)  as seen in equation (1), we will have 
oscillations with amplitudes similar to the negative 
sequence and harmonic components. This means that 
filter is needed to obtain a constant value that can be 
used for further processing [7]. If the phasor values of 
abc voltages are used, we can obtain a constant voltage 
value 𝑉2(𝑡) without the need of a filter, as seen in 
equation (2). Equation (2) can be obtained from 
equation (1) after waveform filtering.  
𝑉1(𝑡) = √
𝑣a(𝑡)2 + 𝑣b(𝑡)2 + 𝑣c(𝑡)2
3
         (1) 
𝑉2(𝑡) = √
𝑣a2 + 𝑣b2 + 𝑣c2
3𝑉n
                      (2) 
Where:𝑣𝑎(𝑡), 𝑣𝑏(𝑡), and 𝑣𝑐(𝑡) are the instantaneous abc 
voltage waveform 𝑣a , 𝑣b  and 𝑣c  are the rms values of 
the abc voltage waveform 𝑉n is the nominal voltage of 
the network. 
In this paper equation (2) is used to calculate the 
magnitude of voltage sag. According to this voltage and 
using Figure 1, the active (𝐼a) and reactive (𝐼r) currents 
can be obtained. The maximum active current 𝐼amax 
depends on the rated values of the converter, so  
𝐼𝑎max =
𝑃a0
1−Δ𝑉
                                   (3) 
Where: ΔV is the symmetrical voltage ranges 
around the rated voltage and Pa0 is active power 
supplied by the installation before the sag. 
For the two types of faults -symmetrical and 
unsymmetrical- the transformed measured voltages 
have two behaviors. Under symmetrical voltage sag 
there are no significant oscillations in the transformed 
voltage, but during unsymmetrical voltage sag the 
measured voltage oscillates. So, the reference reactive 
current also oscillates, and also during the voltage sag 
the value of active current is increase in order to 
maintain the active power generation. However, the 
apparent power of the inverter must not exceed its 
limits. So, the active power must be limited to a value 
decided by the grid code, in order to maintain connected 
to the grid during fault period. 
 
3. Current Control Techniques 
 
In [8-13] different strategies to determine the 
references for the current control loops with different 
control frames have been investigated. In some cases, 
only positive sequence component is controlled. In this 
case, the value of active current reference is obtained 
from the DC-link voltage. On the other hand, the value 
of reactive current reference is obtained through any 
independent method such as droop control [14]. In order 
to solve this issue, positive and negative sequence 
components is preferred to control the reference current 
during grid abnormal condition, also it studied the effect 
of filter on the PI of current control loop. In [15], a 
positive sequence current injection with feed forward of 
positive and negative sequence grid voltages is 
proposed to meet the LVRT requirement. Paper [16] 
proposes a LVRT control strategy that maximizes the 
inverter power capability by injecting maximum rated 
current during the sag. In [17], a strategy to provide 
both active and reactive power under unbalanced 
voltage conditions is used.  
The power injected into the grid is affected by the 
positive and negative sequence components produced 
during the voltage sag. So, if we cannot control the 
negative sequence of the grid currents, the injected 
power is oscillating at twice the grid frequency. This 
control must have the ability to ride through any faults, 
by increase the injection of reactive power into the grid, 
and reduce the active power injection during the fault. 
The main focus in this paper will be the study of the 
positive and negative dq components, in order to 
eliminate the oscillation of active and reactive power. 
The first and second strategies are aim to eliminate the 
oscillation terms of active and reactive power, 
respectively. The third strategy is aim to inject 
symmetrical current by imposing a zero values for dq 
negative current components. The fourth strategy 
imposes null values for both terms of power 
oscillations. Each control technique has some 
advantages and disadvantages, Table I gives a brief 
comparison between every control technique showing 
the merits and demerits of every control technique. 
Table I advantages and disadvantages of each control 
technique 
 
4. Different Control Techniques Under 
Grid Code Requirements 
 
Using the four techniques discussed in Section III, 
the reference currents are going to be evaluated 
according to Spanish grid code discussed in Section II. 
Figure 2 shows graphically the method to calculate the 
reference currents. 
For the four control techniques, the reference 
positive sequence currents are imposed directly from 
grid code using equations (4 and 5)   
𝑖d REF
+ = 𝐼a                                  (4) 
𝑖q REF
+ = 𝐼r                                  (5) 
Using the positive reference currents, for every 
control technique the reference active and reactive 
power are calculated according to column 3 of Table II.   
The calculation of the negative reference currents 
can be calculated in two cases. The first is by imposing 
zero negative reference currents, and the second is 
calculating the negative reference currents using the 
equations of column 4 of Table II. 
The dq sequence currents are calculated by using 
equations (6 and 7).  
𝑖d = 𝑖d
+ + 𝑖d
− cos(2ωt) + 𝑖q
− sin(2ωt)         (6) 
𝑖q = 𝑖q
+ + 𝑖q
− cos(2ωt) − 𝑖d
− sin(2ωt)         (7) 
Where: 𝑖d
+ , 𝑖q
+ , 𝑖d
− , 𝑖q
−  are dq positive and negative 
current components. 
In case of imposing zero negative currents, 𝑖d and 
𝑖q will not oscillate, otherwise, 𝑖d and 𝑖q will oscillate. 
The other case, if the negative sequence currents 
imposed to zero. The verification of grid code for the 
previous two cases is done by considering that the 
reactive current (𝐼r) relates to 𝑖q , and the active 
current(𝐼a)relates to 𝑖d. During the faults, the currents 𝐼a 
and 𝐼r  are varied to match with the grid code, so the 
active and reactive powers will vary [18].  
 
5. Simulation Results 
 
To clarify the difference between each control 
technique and to understand their effects, all these 
techniques are applied to all sag types and taking into 
account the sag depth. The results are shown using all 
strategies with type G sag. Figure 3 shows the voltage, 
current, instantaneous active and reactive power in pu 
for 1st, 2nd, 3rd and 4th w.r.t. respectively, for type G sag 
with 0.6 depth. The Figure shows that all the techniques 
have oscillation in active, reactive power or both, and 
the only technique that can inject constant power is the 
4th. However, –as mentioned in section III– 3rd 
technique has the advantage of injects symmetrical 
sinusoidal current waves.  
If only positive sequence current is imposed (zero 
negative sequence current) then the four control 
strategies accomplished the grid code. But, if negative 
sequence currents are considered (not zero), then the 
only technique that can satisfy the grid code 
requirements without any oscillations is the 3rd 
technique, because the other techniques have oscillation 
in dq currents, due to the negative components. Figure 4 
shows active current, reactive current, active power and 
reactive power versus sag magnitude in pu. 
On the other hand, if it is assumed that the active 
and reactive grid curves related to power instead of 
current, then, as shown in Figure 4, the only technique 
that can gives constant active and reactive power is the  
4th, however the disadvantage is the bad current control. 
Figure 4 corresponds to the most unfavorable situation 
of the grid, so that the following limits are imposed: the 
upper area of reactive current curve (1, 2, 3, 4), and 
lower area of active current curve (5, 6) shown in 
Figure 1. In case more priority is given to the reactive 
power than the active power, this means that 1st 
Control 
Technique 
Advantages Disadvantages 
1st 
 Instantaneous 
reactive power is 
constant 
 Inject unsymmetrical 
sinusoidal current 
waves during the sag 
 Instantaneous active 
power is oscillating 
2nd 
 Instantaneous 
active power is 
constant 
 Inject unsymmetrical 
sinusoidal current 
waves during the sag 
 Instantaneous 
reactive power is 
oscillating 
3rd 
 Injects sinusoidal 
and symmetrical 
current waves 
during the sag 
 Both instantaneous 
active and reactive 
power are oscillating 
4th 
 Both instantaneous 
active and reactive 
power are constant 
 Injects distorted 
currents during 
voltage sag 
technique can be a good option, because using this 
technique reactive power can be controlled without any 
oscillation as shown in Figure 4, but for active power 
there are noticeable oscillations.  
In order to use 1st technique, active power can be 
reduced to a lower limit than the upper limit of Figure 
1, so, the oscillation of active power did not exceed the 
limit of grid code. However, this technique gives 
sinusoidal unsymmetrical currents.   
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Fig. 2 Calculation of the reference currents taking into account grid code limits 
Table II equation of reference active and reactive power, and negative sequence current of control methods mention in previous section 
according to grid codes. 
Control 
Method 
Positive 
Component 
Reference Active and Reactive Power Negative Component 
st1 
d REF a
q REF r
i I
i I




 
   
   
2 2 2 2 2 2 2 2
d q d q d a d q d q q r
REF 2 2 2 2
d q d q
2 2 2 2 2 2 2 2
d q d q q a d q d q d r
REF 2 2 2 2
d q d q
v v v v v I v v v v v I
P
v v v v
v v v v v I v v v v v I
Q
v v v v
         
   
         
   
     
 
 
     
 
 
 
   
   
d d q q d d q q d q
d REF 2 2 2 2
d q d q
d q q d d d d q q q
q REF 2 2 2 2
d q d q
v v v v i v v v v i
i
v v v v
v v v v i v v v v i
i
v v v v
         

   
         

   
 
 
 
  
 
 
 
nd2 
d REF a
q REF r
i I
i I




 
   
   
2 2 2 2 2 2 2 2
d q d q d a d q d q q r
REF 2 2 2 2
d q d q
2 2 2 2 2 2 2 2
d q d q q a d q d q d r
REF 2 2 2 2
d q d q
v v v v v I v v v v v I
P
v v v v
v v v v v I v v v v v I
Q
v v v v
         
   
         
   
     
 
 
     
 
 
 
   
   
d d q q d d q q d q
d REF 2 2 2 2
d q d q
d q q d d d d q q q
q REF 2 2 2 2
d q d q
v v v v i v v v v i
i
v v v v
v v v v i v v v v i
i
v v v v
         

   
         

   
   
 
 
  
 
 
 
rd3 
d REF a
q REF r
i I
i I




 
REF d a q r
REF q a d r
P v I v I
Q v I v I
 
 
 
 
 
d REF
q REF
0
0
i
i




 
th4 
d REF a
q REF r
i I
i I




 
 
 
2
mod
REF d a q r2 2
d q
2
mod
REF q a d r2 2
d q
v
P v I v I
v v
v
Q v I v I
v v
 
 
 

 

 
 
 
d REF d REF q REF2
mod
q REF q REF d REF2
mod
1
1
i v P v Q
v
i v P v Q
v
  

  

 
 
 
In order to inject sinusoidal symmetrical current 
during voltage sag, the only technique to obtain this is 
the 3rd technique. On the other hand, active and reactive 
power have an oscillation. So, by using 3rd technique it 
is necessary to reduce the active and reactive power to 
different limits below the limit of active power and 
above the limit of reactive power. 
Table III shows the difference between every 
control technique.  
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Fig.3 Type G sag under different control Techniques 
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Table III behavior of each control technique 
Control 
Technique 
GCV GPV SICW SYCW p(t) q(t) 
st1 ×  ×    ×  ×    
2nd ×  ×    ×    ×  
3rd   ×      ×  ×  
4th ×    ×  ×      
GCV - Grid code current verification, GPV - Grid code 
power verification, SICW - Sinusoidal current waves, SYCW 
- Symmetrical current waves, p(t) instantaneous active 
power, and q(t) instantaneous reactive power.  
 
6. Conclusion 
 
In order to control the active and reactive power 
during abnormal behavior of the grid, it is mandatory to 
control the positive and negative reference currents. In 
this paper, different control techniques during voltage 
sags are studied. Moreover, in order to verify the 
Spanish grid code using these strategies two cases are 
considered: first, only positive sequence current is 
imposed, and second, positive and negative sequence 
current are imposed. 
The results show that, in order to inject the most 
unfavorable situation of the grid, 3rd technique is the 
only technique that can gives the exact required limits 
of active and reactive currents. However, it has the 
disadvantage of power oscillation. On the other hand, 
4th technique can verify the grid code if we assume that 
the grid code curves related to active and reactive power 
instead of currents. Moreover, other controls can be 
used with proper limits in order not to breaching the 
grid codes. 
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